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I. INTRODUCTION 


This final report Is submitted to the George C. Marshall 
Space Flight Center (MSFC), National Aeronautics and Space 
Administration (NASA), by Spectra Research Systems, 500 Wynn 
Drive, Suite 319, Huntsville, AL 35805. It provides a synopsis, 
in briefing chart format, of the results of a four-month 
study contract (NAS8-33846) conducted under the technical 
guidance of Mr. Lott W. Brantley (MSFC) as part of the NASA 
Headquarters - Energy Systems Division’s Energy Technology 
Program. 

The major objectives of this effort were: 

o the establishment of a technical and programmatic data 

base on second and third generation coal gaislfler systems, 
o analysis of requirements for equipment and component- 
improvements and advanced technology applications, 
o and the formulation of recommendations for technology 
development . 

Additional activities accomplished included the planning and 
definition of approaches for detailed investigations and 
assessments of commercial coal gasification plant startup and 
operational experience and supporting technology development. 
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I. INTRODUCTION 


This final report Is submitted to the George C. Marshall 
Space Flight Center (MSFC), National Aeronautics and Space 
Administration (NASA), by Spectra Research Systems, 500 Wynn 
Drive, Suite 319, Huntsville, AL 35805. It provides a synopsis, 
in briefing chart format, of the results of a four-month 
study contract (NASS-SSBMS) conducted under the technical 
guidance of Mr. Lott W. Brantley (MSFC) as part of the NASA 
Headquarters - Energy Systems Division’s Energy Technology 
Program. 

The major objectives of this effort were: 

o the establishment of a technical and programmatic data 

base on second and third generation coal gaislf.ler systems, 
o analysis of requirements for equipment and component- 
improvements and advanced technology applications, 
o and the formulation of recommendations for technology 
development . 

Additional activities accomplished included the planning and 
definition of approaches for detailed investigations and 
assessments of commercial coal gasification plant startup and 
operational experience and supporting technology development. 


II. HISTORICAL BACKGROUND OF COAL CONVERSION 
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EMPLOYS SAME TECHNOLOGY (LURGI GASIFIERS + FLUID BED FT) 
CONSTRUCTION INITIATED IN 1976 WITH COMPLETION SCHEDULED FOR 1980 
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DOUBTS EXIST ABOUT ECONOMIC VIABILITY OP SASOL - LIKE PLANTS IN U. S. 

“ COSTS OF COAL, CONSTRUCTION, LABOR, CAPITAL 
- ESTIMATES OF COST RANGE FROM $27 TO $45 BBL IN U. S. 

CONSIDERING SOUTH AFRICA'S GROSS NATIONAL PRODUCT AND ENERGY CONSUMPTION ITS 
EFFORT IS COMPARABLE TO A $300 BILLION CRASH PROGRAM FOR THE U. S. 
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DOE TEST/DEHONSTRATION FACILITIES 
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BRITISH GAS SLAGGING LURGI PROCESS DEVELOPED BY BRITISH GAS CORP. AT 
WESTFIELD, SCOTLAND: 

- LURGI (DRY ASH) PROCESS MODIFIED TO ACCEPT CAKING COALS AND OPERATE AT 
HI CHER TEMP OVER SLAGGING ASH BOTTOMS 

- 300 TPD DEVELOPMENT UNIT IN OPERATION 


TIC STATUS 





PROGRAMMATIC status 



PROGRAMMATIC STATUS 



OR A 2800 TPD MBG DEMO PLANT IN 1978 

(EARLY 1989 "SELECTED OVER W. R. GRACE IN COMPETITION") 


PROGRAMMATIC STATUS 



COMPLETED 160 TPD PLANT IN ESSEN, WEST GE 



PROGRAMMATIC STATUS 




CATALYTIC GASIFICATION 



- DESIGN OF GRASS ROOTS PILOT PLANT FOR PROCESS DEVELOPMENT TESTING AS 
PRECURSOR TO SCALE-UP 

- EFFORT TO INCLUDE DETAILED DESIGN, INITIATION OF LONG LEAD TIME PROCURE*NT 

- PDU TESTING WILL BE CONTINUED TO SUPPORT DESIGN EFFORT 
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TWO-STAGE PRESSURIZED ENTRAINED-BED OXYGEN BLOWN GASIFIER 

DOWN STREAM PROCESSES - CO SHIFT, ACID GAS REMOVAL, METHANATION, SULFUR RECOVERY 
WILL PROVIDE DETAILED INFORMATION FOR SCALE-UP TO NEAR-COMMERCIAL OR CQMCRCIAL 
DATA FROM DOWNSTREAM COMPONENTS APPLICABLE TO OTHER GASIFICATION PROJECTS 







as _ 
m as 
< m 


to 

o n 


g * 

CO U3 

o £ 

8 § 

O 0 * 


c* w 

O m 

it* u< 

M 

CO CO 

CO c 5 

CO 


1 1 
S i 

CO O 
S3 O 

>« o 

A UJ 

o § 

* i 

w < 

O 

3 i 

8 U 
S 8 

Q 

2 U 

fe u 


CO U3 

g s 

B C 

2 § 

(4 cm 

M 

Ivg a 

53 8 
3 < 


8 § 

1 * 

g 2 
8 ? 


H s 

54 2 


to M 
° « 
t a 

M 

■J 5S 

S3 8 

M 

K . 






DESIGN AMD PROCUREMENT WILL BE INITIATED 


LOW BTU -ENTRAINED- BED GASIFICATION (ATMOSPHERIC) FUNDING: $K 

FY80 FY81 
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PILOT PLANT OPERATION 
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TEST RUM SUMMARY 
HER Bl-GflS PILOT PLANT 
HOMER CITY. PENNSYLVANIA 
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EVEN WITH PROBLEMS ENCOUNTERED, PROCESS IS BASICALLY SOUND 
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ALTERNATE WATER QUENCHING AND WASHING TECHNIQUES 
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EXAMPLE TECHNOLOGY DEVELOPMENT 
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GASIFIFR 



SLAG OR A MOLTEN BATH IN ORDER TO REDUCE DOWN TIME 




POWER RECOVERY GAS EXPANDER TURBINES 
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RESISTANCE AT GASIFIER CONDITIONS. 

METALS, HARDFAC1N6S, AND REFRACTORIES ARE NEEDED TO PROVIDE ADEQUATE 
EROSION RESISTANCE FOR CQAL-HANDLIN6 EQUIPMENT. 
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PHASE DETECTION 
ON LINE ANALYSIS 
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IMPROVED MATERIALS POR INSTRUMENTATION ARE NEEDED AS WELL AS BETTER 
SELECTION OF AVAILABLE MATERIALS 




IX. DOE FOSSIL ENERGY COAL GASIFICATION ADVANCED 
RESEARCH AND SUPPORTING TECHNOLOGY DEVELOPMENT 
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Program Activities Summary 


- Conversion Processes - 
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DOE FOSSIL ENERGY 

ADVANCED RESEARCH AND TECHNOLOGY DEVELOPMENT 





- Conversion Processes - 



ADVANCED RESEARCH AND SOPPOtTlNC TSCWOtOCT 

fmimi 


Pittsburgh Energy Technology Canter, Bruceton, PA - Support for DOI C-l 

contract* on catalytic gasification (conversion of cool Into |ms«i 
fuels) was provided in this project. Equipment wee designed, 
a as tab led and operated. Chemicals that reduce the agglomerating 
( clustering) propensity of bituminous coals were determined. Tests 
were run to verify the catalytic process undergoing development at 
Battalia Memorial Institute. 

Midland-Ross Technical Center, Toledo. OH - An Improved boiler for C-2 

producing methane was developed specifically for use in coal 
gasification plants (where coal is converted to gaseous products). 

A test facility began operating, and a computer simulation was used 
to compare the theoretical data end experimental results. The 
project aimed to 1) eliminate the need to recycle product gas for 
temperature control, 2) make approximately 90 percent of the 
reaction heat available for producing high-pressure steam, 3) reduce 
operating costs by eliminating recompression and providing high 
steam quality, and 4) reduce capital costs by combining the 
methanation part of the process with the already required heat 
exchangers (devices that enable heat transfer between two fluids). 

Pittsburgh Energy Technology Center, Bruceton, PA - The purpose of C-3 

this project was to develop improved catalysts for the Synthesis 

process. The Synthane process is a coal gasification process 

(conversion of coal to gaseous products) in which coal is created 

with a steam/oxygen mixture to give a synthesis gas with a high 

methane content suitable for upgrading to pipeline quality (high 

Btu) gas. Factors which affect stability, selectivity and activity 

of mechanation catalysts were determined An analysis was conducted 

of the deactivation to methane of the Ramey nickel catalyst, an 

alloy o( nickel and aluminum favored for converting synthesis gas 

and produced in the first stages of coal conversion processes. 

Pittsburgh Energy Technology Center, Bruceton, PA - Methods for C-4 

treating wastewater from coal conversion processes (converting coel 
to liquid or gaseous products) were developed. The design and 
construction of a wastewater treatment systea integrated into the 
coal conversion process was coexisted. Design capacity ia about one 
gallon per hour. 

Pittsburgh Energy Technology Center, Bruceton. PA - The objective of c-5 

this project waa to evaluate gee purification systems which are 
potentially applicable to the coel gaaificetion process (conversion 
of coel to gaeeoue products). A primary consideration was sulfur 
removal from the coal-derived gas. A review of the literature on 
gas treatment systems was completed. Ces purification process 
performance characteristics end economic estimates were obtained, 
and data were compared for aeveral processes. 
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ADVANCE) 1UIAKCI AND SUWONTWB TKMOUKSY 


Morr»antovn Enerty Research Ctw»f, Horten toon. WV - A it«4y •( eool 
gssifTcationYonversionof coal to (•■•out ‘produces) via m4i ae an 
engineering assessment. The purpose of eha study vai Co l) determine 
the technical feasibility and economic inpact of novel processes, 2) 
identify pertinent area* of research, and 3) incraaaa tha fundamental 
understanding of existing gaaification procaaaca vith a* than* tic a 1 
aodeling. Me or assessment work on the various gaaification concept* 
vas completed, and raaaarch propoaala vara prepared. 

Mortantovn Energy Research Canter, Monantovn. WV - Tha purpoae of 
this project was to aeasure tha physical and chenical character la tic a 
and reactivities of chars produced fron coal conversion procastas 
( convert ion of coal to liquid or gaseous products), and attract to 
identify the bast end uses for these products. Equipment for 
ana lyting chars was installed and a series of experiment* begun. 
Results were compared to published models of char reactivities. 

Institute of Cas Technology, Chicaxo, IL - This project vas an 
attempt to develop a noncatalytic process for the hydropyrolysie ef 
coal (decomposition of coal by heating and adding hydrogen) for the 
production of fuel gases and high-octane gasoline blending etock. A 
bench-scale unit was constructed and experimental vork done. Studies 
were mad* of methods for separating and recovering methane, ethane, 
and carbon oxides. 

Institute of Gas Technology, Chicago, IL - It vas the purpose of 
this project to assess industrial uses of lose- and mediva-ltu gases 
and the equipment adaptations that might be needed. Lou- Mid 
medium- Btu gas is a product of coal gaaification and has a lev 
heating value. Eight types of burners were tested vith loe- Mid 
aedim-Btu gases and their performances compared to their performance 
with natural gas. A manual vas prepared to inform users of indus- 
trial burner equipment of tha results of this study. 

Massachusetts Institute of Technoloty, Cambrldte, HA - The objective 
of this srudy was to investigate the applicability of the electro- 
fluidized bed ( EFB) to the cleanup of particulates fron the produets 
of coal combustion. The EFB consists of a bed through vhieh a fluid 
is passed at a speed high enough for solid particles to separata and 
become freely supported in the fluid. An electric current aids in 
the separation and removal of particles. A test rig is to become 
operational by fall 1R7B. 
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ADVANCD UUAJtCI MID SUFFOtTIMB 1W B C OCT 


Fittaburth lnor«v ThIwImi Can Ur. Ptwiw. H • MmtA m 
undertaken to support teal cwMtim proteases Tpti doe tag ll^MI nr 
(•••out fuels fro* coal) by «btaUU| data on poeelble bat a cdoo e 
t laments and co m pounds . The faad coal, otter, car, char, and filcar 
aah of coal con vara ion vara aeraanad far 40 to 70 Craea and niaer 
elements and Cor several hundrad potentially haaardoua c o m pou nds. 
Examinations ara continuing. 

tadian Corporation, Austin, TX - Tachnical support ia being provided 
co tha Division of Coal Convaraion ragarding d aaioai strati on as id pilot 
plant projects. Sica suitability and voter availability ra porta 
vara providad for tvo ccal convaraion de m o n stration projacta. Mi 
environ oantal raviav and a aocioac onooic avaluatioa vara praparad 
Cor othar plants. Tachnical raviavs vara nada oC in tar in raaulta of 
eoncaptual daaigna Cor etean-’genersting plants. 

Tha Dov Chemical Company, Midland, HI - A critical avaluatioa of 
pertinent liceraturewasconp laced to develop tablaa oC tha me dyntnlc 
data for conpounda aaaociatad with coal coavaraioa and eoal cooina* 
tion processes. Data ara included Cor boiler and gaa turbine 
corrosion, sulfur control, and catalyst deactivation. Data viU bo 
published quarterly aa part of tha Joint Amy* navy* Air ferae 
Themochanical Tables. 

Artoona national Laboratory, Ar t o n ne. M. - Chemical and inotrvnontal 
techniques vara used to structurally cbarac tariaa coal and aoloant- 
re fined coal (a product of tha sal active transfer of cool tenet i- 
tuents Cron finely divided coal particlaa into a solvent), Klononta 
vara nelyicd and conatituanta identified. The solvent entrant ion 
process and its products vere coopered for bituninoua cools and 
lignite. A detailed report one praparad. 
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ADVANCED IESUICH AND SUFPOtTING TIOPOIOCT 


Bibcock A Wilcoe Company. Alii net. ON - The objjietivt of Chi* 
project was to develop and demonstrate ae alec croa beam welding 
procedure (technique (or joining materials In which parallel 
electron beano at low prtaaure* are uaed to produce a highly 
concentrated heat aouree) (or welding boiler and preaeure vessel 
■ateriala o( up to 8 inchea thick. Additional work we a performed to 
acquire information, auch aa da temi nation of deaired viewe level, 
joint (it requirenenta , denagnetisation requirements, repair 
techniquea, and nechanical propertlea, relative to the feasibility 
o( electron bean welding for coal gaaification waita. 

Ar tonne Motional Laboratory. Argonne, 11 - The aiaa of thia project 
were to investigate the corrosioiTof structural nateriala ueed in 
atmospheric pressure fluidised bed coal combustors, to investigate 
the effect of pollution-reducing measures on the corrosion, and to 
find an optimal combination of corrosion-resistant equipment and 
minimally corroding pollution-reducing processes. A coal combustion 
test facility w«s coepleted and testing was initiated by Mans of 
special air-cooled corrosion probes. 

Bartlesville Energy Technology Center, lartleiville, OK - The 
purpose of this project was to obtain engineering process design 
data related to gaseous, liquid, and solid products of coal 
conversion processes. Specific tasks performed included: 
correlating the combustabi lity of coal-derived solids and liquids to 
the grade of the parent coal, measuring the solubility of hydrogam 
and synthetic gas in process solvents, and chemical characterisation 
of key compounds important in the processing of liquids derived from 
coal. Heat generated by combustion and hydrogen solubility will be 
measured in samples generated by the Solvent tefimmd Ceal-tl brace ee 

Ar gonna national Labor etory, Ar gonna. IL - The purpose of thie 
project was to study the fuel flexibility potential, energy 
*{f ciency, and economic viability of advanced anginas operating on 
coal or cool-derived fuels. Engines studied included Sterling 
cycle, external combustion Brsyton cycle, smell high-efficiency 
steam turbines, and coal-using diessl engines. The Sterling sycls 
engine using coal fuels could be competitive with gas turbines end 
diesel engines for coviuaity use; Brayton engines would be 
competitive in Che large engine market. Coal -using diesel anginas 
sight be competitive operating oe coal-derived fuala rather them 
coal itself. 
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ADVANCES iEStARCfl AND WFfOtTINC TtCHNOLOCY 

froeiiiti 


Argonne National Laboratory, Ar gonna, IL - Funding was provide# for 
technical support services to ha lp an aura tha avantual substitution 
of alternata fuala for patrolauai and natural gas. Tasks includad 
evaluation of fuala for various applications, charac tar i ration of 
tha combustion of al tarns ta fuala, davalopmant of models and 
quantization of emissions, as wall as technical monitoring of 
contracta and the evaluation of contract proposals. 

Brookhaven National Laboratory, Dpton, NY - Tha goal of this 
contract was to find more active catalysts to be used in tha 
conversion of synthetic gas to methanol. Methanol has tha potential 
for use as a coal-derived synthetic fuel or feedstock. A new 
catalyst system was developed through a homogeneous analog and 
research on this plus a literature search explained a new mechanism 
for catalyzed synthetic gas reactions. 

Ames Laborstory, Mountain View, CA - The purpose of this projeet was 
to obtain microstructural-chemical information, using electron 
microscope techniques, to clarify the nature of sulfur distribution 
in coal. The forms of sulfur in a broad sampling of coal were 
analyzed and compared to facilitate their removal, using various 
purification procedures. The effects of sulfur removal on coal 
characteristics was assessed, and alternative processes were 
investigated. Further experimentation is being conducted to 
determine more efficient methods of sulfur characterization and 
removal. 

Ames Laboratory, Mountain View, CA - The objective of this project 
was to develop methods for reducing sulfur in coal to control the 
level of gas emissions generated during combustion in compliance 
with Federal environmental requirements. Coal and coal-derived 
materials were subjected to varioue desulfurization processes and 
the effectiveness of each procedure was evaluated. New 
methodologies for the identification, characterization and 
separation of sulfur are being developed. 

Ames Laboratory, Mountain View, CA - The purpose of this project was 
to develop a process using sodium carbonate solution to remove 
sulfur from coal. Numerous laboratory experiments were conducted to 
evaluate the important characteristics of the extraction process and 
the response of various types of coal to ! .e treatment. Development 
of the procedure is being continued to determine optiswei process 
conditions and to identify coals that respond favorably to 
desulfurization for production of clean coal for direct combustion. 
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ADVANCE) RESEARCH AND SUPPORTING TtCNNOtOCT 


Jet Propulsion Laboratory, CA - The objective of thie 

program was co develop che low-temperature chloriaolyeia process for 
removal of sulfur from coel. The effect* of varioue proceee 
conditions on the efficiency of thie method were evaluated, and the 
effectiveness on various types of coel mas assessed. Laboratory 
results were promising, and further testing and modification 
procedures were conducted to optimise the desulfurisatiom process 
for pilot plant use. 

Oak Ridge National Laboratory, Oak Ridge, TH - The objective of this 
project was to develop a process for removing pyritic sulfur and ash 
from dry pulverized coal using high-intensity magnetic fields. This 
method was developed to provide environmentally acceptable fuel coal 
for use in steam power plants or coal gasification and li qua faction 
plants. Tests were conducted to identify the controlling process 
conditions to maximize separation efficiency. Further tests are 
being conducted to optimise the procedure and to determine the 
magnetic separability of various coals. 

Ames Laboratory. Mountain View, CA - The objective of this project 
was development of the oil agglosMratiom (process of collecting in a 
mass) method of cleaning and recovering fine-sise coal to improve 
separation of coal and iron pyrites mid increase capability for 
handling fine coal. Laboratory experiments determined that 
separation vas improved significantly by chemically pretreating the 
particles, and suitable operating conditions for both pretreatment 
and agglomeration were identified. Development of both procedures 
being continued to determine optimum process conditions and to 
idtntify coals that respond favorably to the method. 

Energy Interface Associates, Inc. - The purpose of this project vas 
to determine the handling and operating difficulties of using coal 
that has forsen into large chunks and slabs. A survey of mines, 
transfer points, and utilities was conducted to define the nature 
and extent of the prcblema and to identify and analyse potential 
solutions. Most utility plants arc not equipped to handle or thav 
frozen coal, and chemicals that prevent the eo>tditioa may be applied 
to coal at the mines. 
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advanced research and sorrowing homology 


U.S. Bureau of Minas, Washington, DC - Tha purpoaa of thia project 
was to detarxdna tha most effective and economical method for 
removing sodium froo lignite (e typo of cool) by ion exchange (a 
chemical reaction uaed to purify or separate substances). Sodium is 
the cleaent chiefly responsible for the formation of ash deposits, 
which foul boiler tubes and decrease efficiency. An extractor was 
designed* assembled, and operated, using various testing and 
analysis procedures to investigate feasibility of the ion exchange 
process. Excellent results were achieved using this method. 

Babcock Contractors, Inc., Bruceton, PA - The objective of this 
project was to demonstrate a process by which lignite (a type of 
coal) pellets can be produced with low moisture content and a binder 
that will provide good mechanical strength and resistance to 
moisture pick-up, spontaneous ignition, md dusting during 
handling. The first phase of the study involved laboratory research 
to determine the variables and test and evaluate the procedures for 
producing the pellets. Results of these analyses were used in the 
second phase to produce large quantities of lignite pellets for 
pilot plant testing and cost study. 

International Research and Technology Corporation, McLean, fA - The 
objective of this project was to further develop a model based am 
the MPPM, for processing technology. The MPW is am analytical tool 
in Che form of an interactive, conversational computer program. For 
coal conversion processes, the program provides an analyst with 
rapid, systematic evaluations of technological developments, policy 
decisions and sensitivity to uncertainty. The model comprises a 
data base and a method of decision evaluations. 

Energy Interface Associates, Inc. - The study goal was to datermine 
the difficulties in handling frozen coal and what expedient measures 
were adopted at various sites to overcome the problems. A report 
was prepared which included the conditions encountered and remedial 
action taken. The study is completed and will be used as a basis 
for writing a Request For Proposal for a research project aimed at 
developing cost-effective processes of overcoming problems 
associated with frozen coal. 

Bituainous Coal Research, Monroeville, PA - A principal objective of 
this project was to assess the fate of fugitive elements Ci.e., 
non-coal) in coal mining, preparation, transportation, and 
utilization. Other tasks wera to determine the effect of coal 
cleaning on fugitive elements and to describe analytical methods 
used to determine the concentration of selected trace elements in a 
variety of coals. Results of this study indicated that the cleaning 
of coal significantly reduced many of the constituents considered 
harmful, with reapect to environmental or utilisation viewpoints. 
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Direct Utllltation 


Anti Laboratory, Mounts in View, CA - It was the purpose of thle 
project to develop ways ot recovering end rnovin| sulfur ftoe 
finely crushed coel (fines). Froth flotation (separating the 
elements by bubbling one to the top) and selective oil agglomeration 
(clustering) were considered. In addition, preparations ware made 
for pelletizing the fines. Construction has begun on a large bench 
scale system that will demonstrate all these methods. 


Pittsburgh Energy Technology Center, Bruceton. PA - Research results 034 
from this project provided the laboratory process RAD necessary to 
develop the oxydesul furization process ( chemical removal of sulfur 
from coal) to pilot plant operations. This process transforms many 
high-sulfur coals to boiler fuel that meets air quality standards 
for sulfur oxides. Two independent economic analyses of the process 
concluded that oxydesulfurization has excellent prospects for 
commercial development. 


General Electric Company, Fairfield, CT - In this study, emphasis 
was on providing gas (derived from coal) that is sufficiently free 
of particulates to permit turbine operation without undue corrosion 
or erosion. The clearing should take place at high temperature and 
pressure to improve overall system efficiency. In this approach, 
the usually glassy nature of the particles is capitalized upon by 
providing a glass coated sticky surface to trap particles. A 
preliminary conceptual design and an economic analysis were carried 
out. It was estimated that the "sticky wall" unit would be 25 
percent less expensive than other existing systems. 

Brookhaven National Laboratory, Upton, NT - Basic process chemistry 
i n f orms t i on was developed for the regeneration of liaiestone or 
lime-based sorbents (substances that take up and hold other 
substances) used in removing sulfur from combustion and fuel gases 
in power production cycles. It was found that calciia silicates 
possess the same sulfur removal capabilities as Green lime hut their 
regeneration rates are five to ten times higher. Process design end 
analysis studies are continuing. 

Mo rgantown Energy Technology Center, Morgantown. WV - The objective 
of this project w^s to investigate fouling and corrosion problems in 
coal-fixed boilers by characterizing coal-mineral interactions 
during the combustion and heat transfer processes. A plug-flow 
^vapor-liquid flow in which the gas flows as large plugs) combustor 
was redesigned and assembled. The role of corrodsnt compounds was 
documented . 
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ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY 

Direct Utilisation 


Germantown Laboratories, Inc., Philadelphia, PA - The combustion of 
coal-oi l-water slurries (mixtures) prepared by five different 
emulsification (sue pension of dispersion) eye tens wire evaluated. 

The slurry systems, flans characteristics, and boiler efficiencies 
vers all assessed. 

Laurence Berkeley Laboratory, Berkeley, CA - The purpose of this 
project was to measure the conbustion properties, such as burning 
rates and pollutant formation, of coal that will be important to the 
design of new combustion systems, the control of combustion 
processes, and the reduction of pollutant emissions. Burning rate 
and temperature profile measurements were obtained for pressed 
pulverized coal and graphite. The effect of water content in the 
fuel on burning rate and ash buildup was observed. Measurements for 
solvent refined coal (a coal extract derived from the selective 
transfer of desired coal constituents from finely divided coal 
particles to a solvent) were also made. 

Battelle, Columbus Laboratories, Columbus. OH - It was the objective 
of this study to define the chemistry of carbon monoxide and 
hydrogen interactions in conbustion. For improved burning of these 
fuels, experimental data were obtained for predicting flame 
stabilities and flame lengths of coal-derived gases. Mathematical 
expressions were developed for predicting the burning rate of low- 
er'd intermediate-Btu gases. The next phase of work included methane 
in the fuel mixtures. 

Oak Ridge National Laboratory, Oak Ridge, TN - This study was an 
attempt to demonstrate the technical feasibility of removing heavy 
* n d other inorganic materials from dry pulverixd coal using 
high-intensity magnets. Thia process reduces the quantities of ash 

produced during coal combustion. Separation 
efficiencies (percentage of impurities removed) were 80 to 8S 
percent for pyrites (a class of sulfides) and SS percent for ash by 
means of a high-gradient magnetic separator. Several alternate 
approaches to continuous dry coal magnetic separation equipment 
designs were identified for further evaluation and development. 

Exxon Research end Engineering Company, Linden, NJ - This research 
involved completion of theoretical and experimental studies on the 
formation of nitrogen oxides in the stages of coal particle 
combustion-pyrolysis (decomposition of coal by heating in the 
absence of oxygen), gaa combustion, and char (the solid residue from 
coal) burnout. Diagnostic equipment was put into operation and 
theoretical work was initiated. The work was to include a variety 
of coals broadly representative of available U.S. coal types. 
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Direct Utilisation 


Aerochen Research Laboratories, Inc.. Princeton. WJ * This C~43 

contractor measured concentration* of chemically reacting a facia* 

(atonic nuclei, atoms, molecules, or ioaa) in • turbulaat reactor . 

In tba reactor, a jet consisting of on* compound a pa we into, alia* 
and react* with a nearly stationary surrounding mixture. The 
concentration measurements were used aa input to th* Modeling of 
realistic combustors. 

Sandia Laboratories, Albuquerque, NH - Th* coubustioo prrpartias of C-44 

pulverized coals were being characterised for evaluation of 

combustion modifications to minimise fouling and polluting 

substances. Coal combustion factors influencing the conversion of 

sulfur, nitrogen, and mineral matter to pollutants mere determined 

in a laboratory- scale research program. High-speed clnenetography 

was used to measure particle ignition, devolatilisatiom (removal of 

volatile matter), and char (solid residue from coal) burn up 

intervals. Other measuraaMnts include particle-slse distribution, 

porosity, density, and evet**ng. 
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ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY 


Material* and Components 


Babcock and Wilcox Company, Alliance, OH - It *»* th* objective of C*45 

this project to deteroine whether a refractory (heat-resistant 

metal) lining could be developed for coal gasification (conversion 

of coal to gaseous fuels) process vessels. Cracking often occurs in 

this lining during the initial dry-out, heat-up, and cool-down 

phases. Because this type of lining is considered cheaper, easier 

to install, lighter in weight, and a better thersiai insulator than 

brick, the focus of this project was on preventing the lining from 

cracking. A mathematical model relating time, temperature, and 

shrinkage upon cool-down was developed. Th* results of this study 

were used to develop refractory specifications, design and 

installation guidelines, and operating procedures. 

International Harvester, San Diego, CA - The purpose of this project C~46 

was to evaluate materials and powder compositions to develop a 

costing system suitable for protecting large internal components of 

coal gasifiers from corrosion. Data on coating composition, 

structure, and application techniques that could be transferred to 

the general materials industry were to be provided. Various coated 

metal alloys were partly immersed in coal char in an atmosphere of 

flowing scesm/hydrogen/carbon dioxide and carbon monoxide with small 

amounts of hvdrogen sulfide, methane, and anmonia at 980°C to test 

for corrosion. 

International Nickel Co., Inc., Suffern, MY - Thia contractor C-47 

developed and evaluated weld-deposited overlays to provide 
resistance to corrosion and erosion in coal gasification (conversion 
of coal to gaseous fuels) environments. Weld overlaying depoaita a 
corrosion-resistant layer on a substrate or base. This circumvents 
the difficulty of fabricating highly corrosion-resistant alloys, 
specifically high-chromium allovs. Three welding processes were 
used. Upon completion of the welding, the layered materials warm to 
be exposed to coal gasification conditions. 


Battelle, Columbus Laboratories, Columbus^ OH - The corroeion 
behavior of Iron- and nickel-base alloys in coal gasification 
(conversion of coal to gaseous fuels) environments was evaluated. A 
statistical test design was developed on all combinations of alloys, 
temperatures, and oxygen levels. It was found that scales 
consisting of iron, nickel, and chromium sulfides were formed. 
Exposure time v»i approximately 1000 hours. 


Battelle, Columbus laboratories, Columbus, OH - Data were compiled 
on the high-temperature corrosion behavior of metala and alloys used 
in generating plants. A handbook was assembled to serve aa a source 
of data for analysis and prevention of corroaion problems, aa a 
guide for the selection of materials, and aa a means of identifying 
data gaps. Sources used were reports of work on government 
contracts, technical and scientific literature, and private industry. 
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Materials mi Cwy nm i 


Oak Hidge jUtioMl laboratory, Oak Hides. TW - The p«rN M •! EDI* C*S0 

project wee to develop method* to Inspect thin protective emoting* 
on metal a uetd in coal proceaaing equipment. The purpose of ewch 
inspection ia to detect exiating failurea Mid condition* that warn 
of incipient failure. Work on eeramic coatinga eomplatod, and 
work waa begun on metallic coatinga. tnapectfon methods include 
ultrasonica fthe uae of aound wavea above audibility of the h«A*n 
ear), electric current, and radiography (X-ray or (aaaa ray 
photography) . 

Oak Ridge National Laboratory, Oak Xidga, TW - Thia research waa C-51 

directed at characterising the tensile Mid fracture toughness 

properties of steels that will be eaiployed in the fabrication of 

large thick-walled pressure vessels. Keating and cooling rates at 

various thickness depths were neasured. Additional studies will be 

made to determine the effect of aging in air and in hydrogen-rich 

envi r moments . 

Oak Ridge National Laboratory, Oak Kidge, TN - Cladding (bonded C*52 

costing) and field-welding technologies were addressed by this 
program. Several major pressure vessel aunufaeturers were surveyed 
regarding their experience with clad overlaying. Weld deposits were 
evaluated for various welding processes. Work is now ained at 
defining more clearly the range of welding conditions that minimises 
defects . 

Lawrence Berkeley Laboratory. Berkeley. CA - Wear-resistant alloys C-53 

were developed for coal transportation and fragmentation equi^amt. 

The operating conditions of ouch equipment were identified. 

Laboratory abrasion tests were developed for ranking experisMntal 
alloys. Several steels were selected as suitable for use at various 
temperatures. 

Lawrence Berkeley Laboratory, Berkeley, CA - Low alloy steels were C-54 

adapted or developed that can be fabricated into large diameter, 
thick-well pressure vessels for coal gasification (conversion of 
coal to gaseous fuels) systems. Three tasks have been completed: 

1) determining alloy design criteria, 2) developing methods of 
simulating thick plate material in the laboratory, and 3) 
characterizing commercial steels. Manganese-molybdenum nickel 
steels and chromium-molybdenvsa steels served as the basis for 
research. Future work includes modifying existing steels to achieve 
d»sir*d srrer.grh and toughn-ea and developing new steels suited to 
t*..-, • well appli ration. 
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Materials and Component* 


U.S. Department of the Interior, Bureau of Minea/Tuscalooaa C«55 

Metallurgy Research Center, TmiciIoom, AL - ItiuTtl of thle 

research determined the effect of coal gasifier environment a on 

commercially available refractory (heat-resistant metal) liner 

materials. Refrsctory linings must he able to perform (i.a., to 

reduce heat losses and protect the metal shell from erosion by coal 

and ash particles) in a hostile environment rich in steam, hydrogen, 

carbon dioxide, and carbon monoxide, at high temperatures and 

pressures. Results indicated that an optimum lining would have high 

alumina content. Evaluation of comaereially available liner 

materials is continuing. 

Lockheed Palo Alto Research Laboratories, Sunnyvale, CA - It was the C“56 
objective of this project to design a high-temperature alloy that 
would have improved resistance to corrosion in high sulfur coal 
gasification environments. It was found that tha alloy must contain 
aluminum and chromium in balanced proportions in order to form the 
scale of alumimsi oxide that protects it from corrosion. Adding 
yttrium or hafnirn gave the alumina scale resistance to degradation 
by cyclic heating and cooling. Long-term protective capability to 
4000 hours was assessed, snd recommendations made for future 
development and production. 

Sandia Laboratories. Albuquerque, NM - The specific objective of C~S7 

this project was to modify the best commercial iron-based end 
nickel-based alloy to achieve substantial improvement in the life of 
the alloy. Two test facilities were designed and fabricated for 
studying candidate alloys under a wide range of conditions* Design 
modifications were made to improve temperature uniformity and gas 
chemistry. Future focua will be on alloys modified with titanium. 

Metal Properties Council, Inc., New York, NY - The objective of this C-58 
project was to provide data on metals and ceramics which is required 
for the design of coal gasification plants. Materials were screened 
and successful candidates were tested under conditions of gaseous 
environment, temperature, and prtssura. Tast autoclaves (vassals 
constructed of thick-walled steel for csrrying out chemical 
reactions st high tempereture snd pressure) were constructed. Tests 
exposed sample astarisls to erosion by perticulats matter end to 
corrosion by praasurixed hot gates. 

Na tional Bureau of Standards, Gaithersburg, MD - Equipment and tast C~59 
methods wera developed to eveluate the durability of alloys and 
refractories (heat- resistant metals) in coal gasification 
(conversion of coal to gaseous fuels) environments. Various alloys 
were tested for susceptibility to stress corrosion and cracking 
under high temperature and prtsaure. Under a failure prevention 
information program, a data base of more than 500 reported operating 
incidents from coal conversion process plants hat been developed. A 
summery of failure mode, materiel, snd process plant was also 
prepared . 
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Material* and Components 


Battalia, Cohghus Laboratories, Col imbue, ON - Engineering data an 
the resistance of heat-exchanger (a devTee which enables heat 
eranafar between two fluids) aatariala to corrosion in a 
fluidiz*d-bed coal combustor wars obtained. A coal combustor is a 
device for burning coal that uses a gas or liquid stream whose 
velocity is high enough to float finely divided solids so that they 
behave as a fluid. Tha three parts of tha prograa were completed: 
operatic of tha fluid-bed combustor facility, conduct of the 
corrosion/erosion research, and aeasuraaent of tha velocity of the 
particulates in the bad. Performance of the materials was evaluated 
and a final report was issued. 


Argonne National Laboratory, Argonne. IL - Refractories 
(heat-resistant metals) 1 or coal gasifiers (which convert coal to 
gaseous fuels) ware evaluated and nondestructive evaluation methods 
were being developed for coal conversion systems. These methods 
will enable prediction of corrosion and eroeion rates and 
determination of the cause of failure of pilot plane components. 

The feasibility of using acoustic emission (sound weves) to 
determine the optimum firing schedules (periods of high temperature) 
was established. Hors than a do ten component failures were analysed 
and recoraendations were issued. The nondestructive testing program 
emphasized continued development of ultrasonic and infrared wear 
measurement systems. 


rah Ridge National Labor ator. Oak Ridge, TN - The corrosion /erosion C-62 

behavior of alloys used in heat exchangers (a device which allows 
hest transfer between two fluids) was evaluated. Tubing materials 
must be able to withstand oxidation and sulfidation (corrosion by 
sulfides). A 500-hour surveillance test was completed. 

Subsequently, an additional 1000-hour exposure test was conducted, 
with some of the tubes exposed for 1500 hours. The 1500-hour tubes 
were examined by a study of the structure of the metals, X-rsy 
diffraction, and microprobe analysis (inducing radiation in a minute 
arcs of material so that the composition may be determined from the 
emission spectrum). 

Mechanical Technology Incorporated, Latham, NT - Engineering support C-63 

services are being provided for the performance of selected tasks 

assigned by the DOE Components Branch. A review and evaluation was 

conducted of failure, maintenance, and operability data on 

components used in e pilot plant in South Dakota. Other taoks 

include correction of chronic maintenance problems in mechanical 

equipment, analytical daaign audits, and recommendations for 

improved specification writing. Hachinary performance histories 

collected under this program will be useful for selecting and 

maintaining equipment for future planta. 
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Southern Research Institute. Bitmintham. AL * The objective of this C"M 
project vat to assess the state of the art of construction of l erg* 
centrifue.il oxygen compressors. Test procedures were designed to 
simulate oxygen conditions end principal events that can lead to 
fires. Twenty materials were tested at 1000 psi oxygen pressure. 

Aluminum was found to ignite at below 500°F, irons and carbon 
steels at 500°F to A00°F, and copper alloys between 1000°? and 
1200°F. 

Morten town Energy Research Center. Morgantown, WV - Long-life values C“65 
for handling solids in coal conversion reactors (devices for 
producing liquid or gaseous fuels from coal) were developed. 

Conmercially available valves have been surveyed and sixteen 
selected for testing. A statistical experiment design has been 
completed. Both static and dynamic test conditions were used. A 
workshop to bring together members of the valve manufacturing 
industry and Government and industry personnel working on 
development of components for coal conversion processes was planned. 

Fairchild Stratos Division, Manhattan beach. CA - The purpose of C-G6 

this project’ was to develop a set of valves suitable for use in 
h i gh-Btu coal gasification systems (systems for converting coal to 
high-quality gaseous fuels). The valves were to operate at 1400 pei 
,»nd at temneratures up to 2000°F with media consisting of gaseous, 
coal, char, and slurry (a mixture of insoluble matter). Construc- 
tion of a prototype valve was completed and feasibility of the 
design demonstrated. The 8-inch valvea are being fabricated and 
tested under simulated coal gasification conditions. 

U.S. Department of the Interior. Bureau of Minea/Albany Metallurgy C-67 

Research Center, Albany, OR - Tasks tn this project involve 
developing, testing und evaluating materials that have abrasion, 
adhesion, and erosion resistance to be used in critical valves of 
coal gasification systems (systems which convert coal to gaseous 
fuels). An elevated temperature erosion testing machine was built 
in which sample materials are blasted with a gas propelled stream of 
alumina powder to create erosion conditions. Further emphasis was 
being placed an delineating the properties of promising materials. 

General Electric Company, Washington, DC - Research performed as C-68 

pari of this project resulted in engineering data on the 
corrosion/erosion deterioration of gas turbine materials exposed to 
the exhaust gas from a pressurized fluidised-bed combustor. Such e 
combustor is a device for burning coal which uses a gas or liquid 
ctresm whose velocity is high enough to float finaly divided solids 
so that they behave as e fluid. Corrosion testing of selected 
alloys accumulated about 2000 hours under laboratory simulation of 
the Exxon Miniplant, where further materials testing was to continue. 
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Mechanical Technology. Incorporated . UtKi . HT - The efficiency •( c-6D 

• mechanical aerodynamic Rvict (ill«4 • cyclocentrifug* waa 

dtaonttntid fc ' use in controlled separation of fine particulate 

matter fro* a hot, prcaauriaad gaa stream. High efficiency cleanup 

of hoc* prcaauriaad gaa in a continuous and reliable manner ia 

aaaancial to foaail energy utilitacion such aa the economic nan of 

lnrltu gaa. A laboratory-scale cyclocantrifuge mi aanufacturod 

and a particulate Manuring achoM devised to provide accurate teat 

raaulta in tha particle aita range of 1/2 to 10 aierooe. 

Morten town Energy Technology Center (METC). Morgantown, NV ■ The C-70 

purpose of this project was to develop and teat a steaardmed coal 
slurry (suspension of pulverised solid in a liquid) feed ayateai. 

This systen is used to Inject dry. crushed coal into a Mgh preeoura 
process. The systen offers the potential for elininating trouble- 
some high pressure valve systens on coal faed lines. Vest Virginia 
University was contracted to design ocean-slurry nottlea for the 
METC dryer, and a nosale testing facility waa assembled in the MITC 
pilot plant. A lift dryer simulation study made by C.P. I rates and 
Co. waa reviewed and the computer program waa adapted for predicting 
operating parameters of tha METC system. 

Oak Ridte National Laboratory, Oak Ridpe, TH - Surveys were C-71 

conducted to identify the present ability of industry to supply the 

equipment needed for coal conversion demonstration plants. The 

surveys included rotating components, valves, hot gas cleanup 

devices, and heat recovery equipment. The surveys were then 

expanded co include operating experience and reliability of 

equipment. Coots for available and currently unavailable equipment 

were determined. In addition, the contractor determined research 

and development needs for production of advanced design equipment 

for various unit operations of importance to the Departamnt of 

Energy's coal conversion programs. 

Oak Ridge National Laboratory (ORML), Oak Ridge, TM - It was the C-72 

objective of this project to assess the equipment requirements for 

<*oal conversion demonstration plants designed under DOE-industry 

contracts. Critical components and means were developed for 

evaluation of the componenta prior to plant startup. The project 

provided a basis for the identification of troublesome compon—ts 

that would decrease start-up problems and prevent unscheduled 

shutdown of the plant. A study of the facility requirements for 

testing equipment was completed in cooperation with the 

Stearne-Rogera Engineering Company, Denver, Colorado. The study 

indicated that testing was feasible and useful but costly. ORNL, 

assisted by TRW Energy Systems, initiated work with four 

demonstration plant subcontractors. 
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C onaol i d.ited Control a, El Segundo, CA - This contractor designed, C“73 

manufactured, toted, and assessed S- and 12-inch valves capable of 
withstanding the hoetile operating conditions found in coal 
gasification pi ant a. Reliable data were produced for Che deaign and 
production of coal gaa valves suitable for commercialisation. An 
additional preset objective was the trenefer of technology to 
private indue:',. Preliminary deaign atudiea were conducted on a 
valve which was incorporated with high alumina ceramic end 
commercial refractory pert* for longer life end high reaiatance to 
corroai on. 

Solar TurSinea International , Sen Diego, CA - The objective of thia C-74 

project was to develop plasms tHot, electrically- char god gaa) 

spray-heat treatment processes for applying a corroa ion-rtei scant 

nickel alloy to the surface of coal gaeifier etaal component a. The 

alloy should possess resistance to corroeion from nonaal gasifier 

chemicals and temperatures such aa rhoaa ganaratad from hot aolid 

char. T esting of the alloy under a variety of conditions wee 

undertaken. 

L ockheed Palo Alto Research Laboratories. Palo Alto, CA - The C-75 

objective of this project wee to design a high-temperature alloy 
that world have improved resistance to attack in high-aulfur coal 
gasification atmospheres, compared with commercially available 
stainless steel and super alloys. Tha alloy would improve process 
development, plant deaign factors, operational conditions and 
reliability of cnal gasification plants. Tha commercial production 
of this alloy waa studied. 

Battelle, Columbua Lahoratoriee, Columbus, OH - The objective of C-76 

this project was to provide a computer ao^el to predict the impact 
of key parameters on heat flow* in a coal gasification vessel, in 
ord*r to develop a coat-effective and reliable veaael design. 

Specif ical ' v, the model will incorporate materiel composition, 
geometric considerations, gaa composition, pressure, temperature, 
flows and materials decomposition parameters into t:.e design 
functi on. 


Oak R i dge National Laboratory, Oak Ridge, TN - The objective of thia C“77 

proier. t was to aid in the development of a chromium-molybdenum steel 

with i-iproved manufacturing and elevated-temperature strength 

properties. The final product, from this end other project*, will 

be a coimercial ly available steel used as tubing for installation in 

utility fossil boiler heaters. Teste ware carried out end new 

testing equipment was developed. 

Oak Ridge National Laboratory, Oak Ridge, TN - The objective of thi* C“7f 
project was to determine the effect ef the operating environment of 
coal conversion systems on the high- end lose- temperature properties 
of pressure vessel steels. In addition, a study of steel street wee 
implemented. 


ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY 

Materials and Components 


Pittsburgh Energy Technology Center, Irmceton, PA - The purpose of 
this project was to assist the Division oi Coal Cmmversion/liqwefee- 
tion end the Office of University Activities in coordinating coal 
science projects. Responsibilities included assembling review 
boards, organizing review meetings, evaluating proposals, and 
reconmending funding levels. Projects were assigned to the 
Technology Center and reviewed by representatives from each of the 
coordinating offices. The program is expected to continue and to 
expand further into the areas of coal conversion (the reduction of 
coal to liquid and gaseous forms suitable as substitutes *or natural 
gas and petroleum fuels) and end use. 

Brookhaven National Laboratory, Upton, NY - The purpose of this 
project was to assess the feasibility of a rotating fluid! zed-bed 
contacting device containing limestone, which is used to 
desulphurize hot combustion gases derived from coal combustion. The 
device was assembled and test runs were made at room temperature. 
High temperature components have been designed and are being 
assembled for testing. 


Argonne National Laboratory, Argonne, IL - The purpose of this 
project was to develop low-cost plastic heat exchangers to be used 
to conserve low-temperature waste heat. Tasks included selecting 
and modifying plastics, and innovating heat exchanger component 
production processes and designs. Some of the designs, performance, 
and costs were identified, potential suppliers of raw plastics were 
found, and the experiences of two coiaercial suppliers of plastic 
heat exchangers were evaluated. 

Argonne National Laboratory, Argonne, IL - The purpose of this 
project was to test segmentally baffled shell -and- tube heat 
exchangers and to quantify tube vibration data, in order to avoid 
water flow vibration problems in the finished product. A test heat 
exchanger was selected and about 500 tubes were ordered. The first 
test was planned, with the tubes to be arranged in an equilateral 
trianguiar array. 

West i nghouse Electric Corporation, Pittsburgh, PA - The purpose of 
this program was to evaluate and optimisa the resistance of this 
program was to evaluate and optimize the resistance to hydrogen and 
temper (harden and strengthen) embrittlement susceptibility of 
chromi um-molybdenia» steels for use as structural materials in coal 
conversion pressure vessels. Initially, the degradation of 
properties of an Asierican Petroleum Institute material from 
embrittlement effects was defined. Currently, the focus of the 
research is concentrated on the identification of compositions and 
microstmetures with maximus freedom from embrittlement effects. 


C-79 


C-80 


C-81 


C-82 


C-83 


163 


ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY 

NititiiU end C mnom o 


turMu of Hines. Albany Mttillurit Research Cente t. Alba ny » 01 • Ik* 
objective of this project was to develop ani identify improved 
wear- resistant materials that ean ba us«4 for valve trim by making 
testa on both experimental and commercial materials. The need for 
improved wear-resistant materials in coal conversion systems has 
been demontrated by frequent valve failures in gasification and 
liquefaction demonstration pilot plans. Another objective of Che 
project was the production of valve trim and hardware of these 
wear-resistant matarials for actual facility testing. 
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ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY 


INSTRUMENTATION AND CONTROLS 


Midwest Research Institute, Kansas City, MO - Data froai this 
research program were uitdto identify gaseous alkali metals that 
may contribute to corrosion. Direct mass spectrometr ic probes were 
also developed for sampling such material from small-scale coal 
combustors. Sucn a system was designed, constructed, and tested for 
use with the combustors at the Morgantown Energy Research Center. 


Science Applications, Inc., La Jolla, CA - The purpose of this C-86 

program was to design, fabricate, and test two concentration 

sensors, used for accurate measurement of coal/refuae/water 

concentrations in hydraulic transport pipelines. A sensor for a 

6-inch diameter pipeline was developed, tested, and modified to 

improve performance. Results were satisfactory, and further testing 

and development of both 6- and 18-inch diasMter pipeline 

concentration sensors was conducted. 


Morgantown Energy Technology Center, Morgantown, WV - A sulfur C-87 

monitor was sent to England in exchange for one of England's ash 

monitors to be tested with U.S. coal. Problems were encountered 

with the British ash meter because of differing applications. The 

British use the meter to help blend dry, high-ash coal; its use in 

the U.S. is with clean, typically wet, lov-ash coal. Measurements 

by the ash meter were to be compared to conventional analyses. 

Morgantown Energy Technology Center, Morgantown, WV - The objective C-88 

of this project was to develop a technique for direct determination 

of the composition of coal minerals as a basis for continuous 

monitoring of the heat value of coal. The information produced is 

useful for quality control and for increasing thermal efficiencies 

of power plants. The information was to be associated with the 

testing of the British ash monitor. 


Pittsburgh Energy Technology Center, Brmceton, FA - Research c-89 

performed during this project was an effort to deduca the mechanisms 
by which catalysts deactivate after a period of use. Emphasis was 
placed on catalysts used in the direct conversion of coal to 
environmentally acceptable liquid fuels. Factors considered ware 
the effects of compounds adsorbed on the surface of such catalysts 
and the effect of promoters (chemicals which are themselves feeble 
catalysts, but which greatly increase the activity of a given 
catalyst ) . 


Ames Laboratory, Mountain View, CA - Instrumentation for determining 
the amount of sodiia and potassita in cleaned low-Btu gaa derived 
from coal was designed and built during this program. The ultimata 
objective was the analysis of hot uncleaned gaa. Turbina failure it 
related to sodium and potassium in the gas stream. The Morgantown 
Energy Research Center is building a special "clean room" to house 
the instrumentation, and sodium and potassium measurements will 
begin upon its completion. 


ORIGINAL PAGh , 
OP POOH QUALITY 
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COLLEGES AND UNIVERSITIES 

(PERFORMING ENERGY R&D FOR DOE AS OF JANUARY I, 1980) 


Anherst College 
Arizona Scata Univarsity 
Auburn Univarsity 
Boston University 
Brandeis University 
Brigham Young University 
Brown University 

California Institute of Technology 

California State University (Fullerton) 

Carnegie Mellon University 

Case Western Reserve University 

Colorado School of Mines 

Colorado State University 

Columbia University 

Cornell University 

Dartmouth College 

Denison University 

Drexel University 

Duke University 

Florida State University 

George Washington University 

Georgetown University 

Georgia Institute of Technology 

Harvard University 

Howard University 

Illinois Benedictine College 

Illinois Institute of Technology 

Illinois State University 

Iowa State University 

Johns Hopkins University 

Kansas State University 

Kent State University 

Lehigh University 

Louisiana State University 

Loyola University (Chicago) 

Marquette University 
Massachusetts Institute of Technology 
Michigan State University 
Michigan Technological University 
Mlddleburg College 
Mississippi State University 
Montana State University 
Mt. Holyoke College 


New York University 

New York Unlv. - Medical College 

Niagara University 

North Carolina State University 

Northeastern University 

Northern Illinois University 

Oakland University (Michigan) 

Ohio University 

Ohio State Research Foundation 
Oklahoma State University 
Oregon College of Education 
Oregon State University 
Pennsylvania State University 
Princeton University 
Purdue Research Foundation 
Rensselaer Polytechnic Institute 
Rice University 
Rutgers University 
Stanford University 
State Unlv. of New York Research 
Foundation (New York) 

Syracuse University 

Temple University 

Texas A&M University 

Thomas Jefferson University 

Tufts University 

University of Alabama 

University of Alaska 

University of Arizona 

University of California (Berkeley) 

University of Chicago 

University of Cincinnati 

University of Colorado 

University of Connecticut 

University of Dayton 

University of Delaware 

University of Denver 

University of Florida 

University of Georgia 

University of Hawaii 

University of Houston 

University of Illinois 

University of Indiana 
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COLLEGES AMD UNIVERSITIES 

(PERFORMING ENERGY RAD FOR DOE AS OF JANUARY 1, 1980) 


University of love 
University of Kansas 
University of Maine 
University of Maryland 
University of Massachusetts 
University of Miami (Florida) 
University of Michigan 
University of Minnesota 
University of Missouri 
University of Montana 
University of Nebraska 
University of Nevada 
University of New Hampshire 
University of New Mexico 
University of North Carolina 
University of Notre Dame 
University of Oklahoma 
University of Oregon 
University of Pennsylvania 
University of Pittsburgh 
University of Rhode Island 
University of Rochester 


University of Southern California 
University of Tetmeeaee 
University of Texas 
University of Utah 
University of Vermont 
University of Virginia 
University of Washington 
University of West Virginia 
University of Wisconsin (Madison) 
University of Wisconsin (Milwaukee) 
University of Wisconsin (Whitewater) 
University of Wyoming 
Vassar College 

Virginia Polytechnic Institute 
and State University 
Washington State University 
Washington University (St. Louis) 
Wayne State University 
Wesleyan University (Connecticut) 
Williams College 
Wright State University 
Yale 
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THE GERMAN DEVELOPING COMPANIES ARE CONVINCED TO SOLVE MOST 
MATERIAL PROBLEMS BY CHOOSING ALLOYS AND REFRACTORY MATERIALS, 
WHICH ARE TODAY AVAILABLE ON THE MARKET" 
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COAL CONVERSION INDUSTRY 
(ILLUSTRATIVE) 
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Boilermakers - Concrete Finishers 


PROBLEMS FACING THE COAI CONVERSION INDUSTRY 
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ARE CAPABLE OF A PRESSURE DIFFERENTIAL OF ABOUT 500 PSI - FOR HIGHER PRESSURE 
SYSTEMS TWO OR THREE LOCK HOPPERS IN SERIES WOULD BE REQUIRED - THESE WOULD 
HAVE TO BE CONTROLLED BY A COMPLICATED AUTOMATIC CONTROL SYSTEM 
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GREATEST RISK IDENTIFIED WITH OBTAINING REQUIRED EQUIPMENT PERFORMANCE AND/OR SCALE UP 
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MATERIALS AND EQUIPMENT FOR COAL CONVERSION 
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